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1. Introduction

During the past few years we have developed a number of
Monte Carlo computer programs for calculating the transport
of electrons and photons through extended media. All generations
of secondary electrons and photons can be included in the calculation.
A beam of electrons or photons, with specified direction and spectral
composition, is assumed to be incident on a plane-parallel target
that is of finite thickness in one dimension and unbounded in the
other two. The following items are calculated: (i) the reflection
and transmission of radiation by the target, (ii) the production of
secondary bremsstrahlung and characteristic X-ray photons in the
target and their emergence from it, (iii) the deposition of energy
and charge by electrons as function of the depth in the target,
and (iv) the flux of electrons as function of the depth in the
target. The method of calculation, many computational details,
and results for specific problems have been presented in a number
of papers}-s/

The work has now reached the stage where the emphasis is
shifted from the writing and checking-out of new programs to
the production of data. Systematic calculations are in progress
which involve comparisons with corresponding experimental results,

and the tabulation of transport data of general interest.




It is unlikely that we will have the time and opportunity to
exploit the programs with sufficient thoroughness. We would
like, therefore, to begin with this report the documentation
of the programs, in order to put other potential users in a
position to run the programs for the conditions of interest to
them.

The first phase of documentation will emphasize programming
rather than physics aspects. A fairly elaborate set of running
instructions is provided, indicating the various program options,
the nature of the input variables, the relation of the various
programs to each other, and the functions of the many subprograms.
In addition, complete program listings are given as well as
print;outs of short sample runs including the input data and results.

For various reasons we approach the documentation of our pro-
grams with some misgivings. Even though the development of the
programs has reached an advanced stage, they are not in final form,
and some of them may be changed somewhat in the future, possibly
as the result of feedback from comparisons with experimental data.
The programs have been checked out carefully and appear to be in
good working order. However, we have from time to time discovered
various minor errors and cannot rule out the possibility of finding
others. The number of options under which the programs can be run
is very large, and we have not been in a position to check out all

cases.
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Another difficulty arises from the fact that a large number of
input parameters must be chosen, and that these choices must be
made with some understanding of the physical implications.
Conceivably this aspect might be troublesome for people who
would like to run the programs as ''black boxes".

2. Organization of the System of Programs

The various programs fall into four categories. Those in
the first category are used to produce a data library which is
stored on magnetic tape. This library contains.cross section
.data, and information of a general nature, for a large number
of different media. Programs in the second categﬁry accept -
data from the library tape, process and expand these data,
and produce tabular arfays suitable for rapid table look-ups.
The most important program in the second category currently
in use is DATAPAC 4, which will be discussed in Section 4.

In the third category are Monte Carlo programs which generate,
by random sampling, large sets of electron and photon histories,
on the basis of the physical information supplied by DATAPAC 4
or similar programs. The electron and photon histories, in the
course of production, are concurrently analyzed to obtain infor-

mation about radiation transmission and reflection, energy




deposition, flux, etec, The most important program in the third
category currently in use is ETRAN 15; more details about this
program will be given in NBS Report 9837. Finally, programs in
the fourth category organize and analyze the output of the Monte
Carlo programs, and in some instances extend the random sampling
results through the use of other computational methods.

The programs to be discussed in this and subsequent reports
have all been written in FORTRAN, and are presented in the version
currently in operation on a Univac 1108 computer at the National
Bureau of Standards. Essentially the same programs, in scaled-up
versions with larger cross sections and output arrays, are operational
on an IBM 360/91 computer at the NASA.Goddard Space Fl?ght Center.

3. Data Library

Many of the programs for generating the tape library were run -
a long time ago on a 7094 computér, the result being a body of
information stored on cards as well as on tape and amounting to
approximately 20,000 BCD card images. A program called DATATAPE
prodﬁces the actual library tape with the appropriate format.

The library tape contains information about the following
processes: (i) elastic scattering of electrons and positrons

9 .
by atoms (Mott / cross section); (ii) bremsstrahlung production




by electrons, mean radiative energy loss, spectral amd angular
distribution of emitted photons (based on Bethe-Heitler theory

combined with Coulomb correction, Elwert factor, rigorous

10/

high-frequency limit, and an empirical correction factor )H

11/

distribution);

12/

(iii) collision energy loss fluctuations (Landau
(iv) angular distribution of photo-electrons (based on Sauter
and Fischerla/ cross sections); (iv) energy distributions for

14/

electron-positron pairs (as given by Bethe and Ashkin s

(v) density effect correction to the mean collision energy loss
(stopping power) (taken from the work of Sternheimerls/).

With the exception of item (v), all information is stored
for every element from atomic number Z=1 to Z=100, and it is
assumed that DATAPAC 4 will later perform the required combinations
for mixtures and compounds. Information about the density effect
(item (v)) is limited to those materials for which reliable
density effect parameters are available from the work of
Sternheimer. The fifty-four materials in this category are
listed in Table 1. The composition by weight of the compounds
and mixtures in this list is shéwn in Table II. If a user is
interested in generating data for a material not listed in Table I,

it is possible for him to insert his own density effect parameters

and related data in program DATAPAC &4,




TABLE 1

DATAPAC CODE LIST

CODE MATERIAL CODE MATERIAL CODE MATERIAL

(121IP) (1z1P (1Z1P)
1 H, (gas) 54 Xe (gas) 114 Toluene C, Ha
2 He (gas) 74 W 115 Acetylene (CH)2
3 Li 79 Au 116 Polystyrene (C8 HB)n
4 Be 82 Pb 117 Stilbene Clu H12
6 C (graphite) 92 U 118 Anthracene C14 HIO
7 N2 (gas) 101 Liquid H 119 Lucite (C5 Hg 02)n
8 02 (gas) 102 H20 120 Freon CF3 Br

10 Ne (gas) 103 CO2 121 Muscle

12 Mg 104 1L F 122 Bone

13 Al 105 1iI 123 Alr

14 si 106 Na I 124  Buoulsion

18 A (gas) 107 Ag Cl 125 Liz Bu 07 )

26 Fe 108 Ag Br 126 N. E. 102

29 Cu 109 Methane Cﬂu 127 Sapphire A12 o3

32 Ge 110 Propane 03 HB 128 Li Al Glass

36 Kr (gas) 111 Ethylene (CHZ)Z 129 H - Ne Mixture

47 Ag 112 Polyethylene (CHZ)n 130 Ca F,

50 Sn 113 Xylene CS HIO 131 Cs 1




Assumed Comgosition by Weight for Compounds & Mixtures

TABLE 11

HZO 002 LiF Lil
11.199 H 27.291; (o 26,7547 Li 5.185% Li
88,814 O 72,709¢ O 73.246% F 94,815% 1

Ag Cl Ag Br Methane CH& Propane C3H8
24,7379 C1 42.555i Br 25.132¢ H 18.287% H
75.263% Ag 57.445% Ag 74,868 C 81,7134 C
Polyethyl Xylene C Toluene C,H Acetylene

o(%ﬁz)z ene yle 8H10 olue 7Hg i% ;
14,3729 H 9.4949% H 8.7529 H 7.743%2 H
85,628% C 90,506% C 91,2489 C 92,257% C

Stilbene Anthracene %ucitg Freon

CyyHyg . C1uth0 CsHgO,) CF3Br
6,711 H 5.655% H 8,0544 H 8.065% C
93,2899 C 94,3459 C 59.9849 C 38,2744 F
31.962¢ O 53,661 Br

Air Bone Bnulsion LiAl Glass
75.5 N 6.4 % H 1.4104 H 7.1 % 1i
23,2 90 27.8 ¢ C 7.226% C 52.0 ¢ 0O

1.3 g4 A 2.7 ¢ N 1.932¢ N 11.5 ¢ Al
41,0 g0 6.611% O 29,4 ¢ sSi
0.2 ¢ Mg 0.189% S
7.0 ¢ P 34,910% Br
0.2 ¢8 47.410% Ag
14.7 9 Ca 0.3122 1
LizBu07 N.E., 102 Sapphire A1203 H=-Ne Mixture
8.205% Li 8.4884 H 47.077% O 4,757%4 H
25.5859 B 91,5124 C 52,9237 Al 95,2437 Ne
66,2107 O
CaF2
L8,.668% F
51.3327 Ca

Nal

15.337% Na
8L, 6637 1

Ethylene,(CH2)2

14,3729 H
85.628% C

Polystyrene
7.7434 H
92,2577 C

Muscle

10,20 %

12.30 ¢
3.50 7
72.90 «
0.08 =
0.02 «
0.20 «
0.50
0.30

e s

RN IIZOoOZOmom
go v

Csl

48.845% 1

51.1559 Cs



The empirical modification of the Bethe-Heitler bremsstrahlung
cross secﬁion (item (ii)) consists of a factor which depends on
the electron energy only. This factor changes the mean energy
loss by radiation and the bremsstrahlung efficiency but leaves
the spectral and intrinsic angular distribution of the
bremsstrahlung photons unaltered. This modification has been
found sufficient to bring calculated and measured data on thick-
target bremsstrahlung into reasonable agreement.

Three library tapes have been prepared, each based én a
different bremsstrahlung correction factor:

DATATAPE O: empiricalcorrection factor set equal to

unity (no correction);

DATATAPE 1t empirical correction factor derived from

experimental data given in a review article

10/

by Koch and Motz, and essentially equivalent

to the correction factor deduced by these
authors;

DATATAPE 2: empirical correction factor derived from

16/

the more recent experiments of Aiginger,

and of Rester and Dance17/.




The experimental correction factors are directly available

for the elements alﬁminum and gold, and have been obtained for

other elements by interpolation, assuming the factor to be

unity for hydrogenls/. The correction factors used in DATATAPE 2

are intermediate between those of DATATAPE O and DATATAPE 1.

They constitute a reasonable compromise, and are currently being

used by us. Many of our earlier calculations were done with the

equivalent of DATATAPE 1. In some instances, the best agreement

with experimental thick-target bremsstrahlung data is obtained

with DATATAPE 0?/ The situation needs to be clarified by the

introduction of better experimental and theoretical bremsstrahlung

data. When information is sought about electron transport rather

than thick-target bremsstrahlung, the differences between the

- results obtained with the three data tapes are generally very small,
The numerous programs needed to generate the data library

will not be discussed here, and it will be assumed that the user

has available to him one or more of the data tapes described above.

If he should want to make up his own data library based on different

improved cross sections, he can find out the required organization

and format of the data to be stored on tape from the listing of the

input statements of DATAPAC 4 in Appendix B.




4. Notes on Program DATAPAC &4

Using the input from the library tape, DATAPAC 4 evaluates
the following quantities: (i) the mean energy loss per unit
pathlength which an electron. (or positron) suffers in collisions

with atomic electrons (evaluated according to the Bethe: stopping

19/

power theory as formulated by Rohrlich and Carlson )3 (ii) the

mean radiative energy loss of an electron per unit pathlength
(evaluated with the bremsstrahlung cross sections described in

Section 3); (iii) the mean electron (or positron) range

18/

(calculated in the continuous-slowing—down approximation )3

(iv) the thick-target bremsstrahlung efficiency for an unbounded

18/

medium (calculated in the continuous-slowing-down approximation )3

(v) the cumulative (and if desired the differential) distribution

of angular deflections resulting from multiple elastic scattering

of electrons (or positrons) by atoms (according to the multiple

20/

scattering theory of Goudsmit and Saunderson, evaluated with

9
the Mott / single scattering cross section corrected for screening

21/

according to the prescription of Moliere )3 (vi) cumulative
probability distributions pertaining to the spectral and intrinsic

angular distribution with which bremsstrahlung photons are emitted.

- 10 -




The input from the library tape is read on logical channel 9.
In addition, at least three cards of BCD input are always required;
one indicates the number of materials to be considered, the second
is a title card, and the third lists essential parameters including
options. Depending on the value of the parameter ITERM, different
amounts of information are generated. For use with ETRAN 15,
the maximum amount of information is required, and the option
ITERM=5 must be used. Additional card input may be required
in non-standard cases, i.e., when the density effect parameters
for the desired material cannot be obtained from the library
tape.

Runs of program DATAPAC 4 are generally short, on the
order of 1-5 minutes per case. It is possible to cover a
wide span of energies in one run, so that a tape can be used
for a large number of different Monte Carlo runs with ETRAN 15,
On the IBM 360/65, 75 and 91 (32 bit wordlength) the program
has usually been run in double precision, with no overlay,
requiring about 500,000 "bytes'" of memory. On the Univac 1108
(36 bit wordlength) the program has been run in single precision,

with overlay, requiring about 50,000 words of memory.
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The following overlay arrangement is used:
(i) The main program, DATAPAC 4, and the subroutines
QPOL and INT are always in the memory.
(ii) The following subroutines are called in as separate
segments: RANGE, SCATT, BREX, BRANG and KXRAY.
Other subroutines needed within a segment are

pulled into the memory with the segment.

-12 -
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APPENDIX A

Program Notes

Required Format for Card Input

Significance of the Card Input Variables

Significance of the Tape Input Variables

Meaning of the BLOCK DATA Variables and
Their Possible Modification

Brief Explanations of the Tasks Performed

by the Subroutines Contained in DATAPAC &4
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MEANING OF CARD INPUT VLRTABLES FOR PROGRAM DaTaPaC o
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TAG CUMME NT
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ITERM DETFRMINES THE AMUUNT OF INFORMATION 70 HBF GENFRATED aND
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MENTS OF THE MONTE CARLO PROGRAM IN wHCH THE DATa ARFE

TO RAF USED

1 COMPUTFS TABLFS OF MEAN ENERGY LOSS, RANGE, INTRINSIC
RREMSSTRAHLUNG EFFICIENCY AND RELATED GUAKMTITIES

2 COMPUTFS Tin ANGITION MULTIPLE SCATTERING ANGULAR
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3 CUMPUTFS IN ADDITION STOPRPINMG POWER RATIUS (WITHOUT
aniiy wITH RKEMSSTRAHLIUING LOSS)

L COMPUTFS InN aNUITION TARLES PERTAINING TU pRRFVS-
STRAHLUING PRONOHICTION. AND THE LANDAU AND HLUNCK=
ILF1SEGANG ENERWY LOSS DISTRIRUTIONS
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ACCOMPANYTING TARIF . THF VALUE iZ1iPz( 10DICAITES TrAT
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TPl FOR DAYAPAC & -
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1 wmOIT SCATTERIG FOR FLECTRONS

2 mMOIT SCATTERING FOR POSITRONS

3 KUIHFRFORD SCATTFRING FOR ELECTRGHS

o wUTHERFORD SCaTTFRING FOR POSITRCKS

it At CASESe CURRFCTIONS ARE MADNE wiHiCH TAKre INDTO aCCONMNT

SGUHFG Yia A TrE CONTRIRBUTION UF INFLASTIC SCATTERIMG

TSuUR eaRae R Te S RFLATT WG TO THE o ivISION Or iy FLeECTe . KT
tivTo STERS AN SNInSTEPS

1SUR QAL TO Ok GRFATER THaC 1, InvplCaTeS Tral SI/ZF OF
ST ERS = SiZc OF STEPS o IVINDED Y 15U T-1i HAS The
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HISUM T THE PRUOGHAM

TSUM bdal To OR LESS THAR =1, INGICHTFS Trnd Towb FTRST
- 1S STERS awe FACH DIVIDED RY A wIFFs&s, [ o qvlson To
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DIVISORS ARE FACH SET EQUAL TO THE LAST niSUR vVabur
RFAD TN

T L PaPo-eTER INOICATING THE KInN OF SCRECHNTNG FUNCTION USFD

T Tk ¢ LaSTIC SCATTERING CRUSS SECT LM

1 QCrERLENGO alMGEE AS GIVEN »Y THFE TSFORY OrF SADLIERF

7 SurEFmIne aiNGLE AS GIVEN &Y IHFE Tep Ox 0 OF L IGam Al Wi

A SUREEMTHG aivisr B 2SS GIVEN RrY THE FIxST Treo OF THE
MOLIFRE EXPFRESSSTIORe BUT wITH THF rACTOR 1o13 REPL ACFU
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FURK 1kt zoy Tre LTIPLIFR OF SCRFENTIIG PARKAYETFR CiT=2FRO
rUR NI 4, Tek WLTTPLIFK OF SCREFHITIIG PLARA WFTFR +Th

FOR JWFLZA, 10E , aRANMFTFRS ChYe APRAW ALY BrAre WUST BF

[ 38 4 "Y I N |

rEDSEER Farknar Vs TO (CORRCET #OR UIFFRACTION EFFFCTS
CUERRLICIRLT e ifar Teeni [0 PaRAHOLA CONNECTTING KFSSLER
aivly - GTT CROUSS SEFLTTONS

CUERFLCLIFNT vk wouDFATIC TERG IN PARAROL A CONMNFCTING
FESSELER al) wuT T LROSS SECTLONS

SLOZ(CAY 4424 (1 LAY %427 ) kPHT ) xSLGMA (UTT)

FRIZt e rardans (1=COS(TH) ) +0.20%KAHK(1=COS(1H) ) «%2

FUR LInzt 1 Tk REOCK DATa DATA STATEYENT s THF
PauRa b TreS CTanmaxe TLIN AND <ATLIN ¢OST b - Al Tid

LUmpse 0 Ok FiikoY 2aSE POTHTS rUR LIN <xATTOS

FREROY naSQE POULLTS (Th wEV, Jie GESCFL TG ORDER)

HATTOS UF SCWeFrakn TO IRSCREFNFY FLASTIC SCATTERING CROSS
SECTIUN OuTative. s rROa PeASFE SHTFT ANALYSTIS, ThE ~ATINS aRE
SUMFPELIEN FOR abialb BES OF 11, 8%, Yu, 1459 A 180 LiFaREFS, TN
THAT ORULFK
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Die
x1
XU
Cuk v

HiFo

HES

N

Tiv Tk CAECHIN LT Lview OF NENSITY EFFECT PARAME TERS

STewrhE MR Pakier TFR C

CTewirEfweR Farn e TEFR A

STLRHE LM R Pubkaer TR~ M

STEReHELMEFR PuRA o TER XD

SIEw: HFIMER PaRa -+ TER X1

Fali0 CINRFCTION #UR TWFLASTIC SCATTERING, USED T+ THF
Caboriwail Lzt op Toe mULTIPLE SCATTFRIG DISTRLBUTION

ralTe Or PHOYON 16 FLECTRUN rHEKGY adUVF wHICH THF HREMSS
SThanbiieG CROSS SrCTION (UIFFERENTIAL 1M FNFRGY) IS
EXTRAPOLAIEL, Thr FXIRAPOLATION IS LINFAR, STty TuF
vaLirS AT HEC adiuy 21FC=1, Tl eXTkaAOLATION IS HSED OMLY
(T Fi b CTRO FINERGLES BFELOW 1 mEV,

FaTrio OF PAOTUl T FLFCTRON FiNERGY a<UVFE wHICH T 4F HREMS—
STRurlUnG CrOSS SeCTION (DIFFERENTIAL In FHEKGY) IS JOINEY
U ToFE RTGH=FREDENCY LIMIT Y LINEa® TUTEFRPOLATIOMN.  THE
InTreriaTIua IS GASFU UH Tie VALUES AT HFS ath: TrnE HIGH=-
FREGLETICY LT (rHOUTOM ERERGY Z gl ECTRON EFNERGBY)

KRe=SHe LE ithbiis r i FRGY (KEY)

Sttt T e w GG

L%

FiskmisY RASE wulii T (MPEV) FOR PHL=RAD

Frl=ran)S Tt tal TS5 OF PHI=RAR. THIS AUAHTITY IS PROFPORTIGNAL
T T, CROSS SECT10m FOR THF FRERGY LUST wY Al FLFCIRON Tu
WaD et oM AS LEF 1iFh nY HEITLER

Slhsr:UT LI+ Wit P

Uy

Frae ?taY WB6SE RULGTS (PP V) FOR O THE MOTT/RUOTHE (FURD CROGSS
SeCTiun waT oS

wUTT/RTHEREORD «aTTUS aT ELERGLES Fx adl) FIVE el FS,
e wne Yhig 1A%y i) 1RO DEGREES

LUSToAMILY L Tre MOTE CRUSS SELTLION FORMOULA FOR FLASTIC
SUATIERLRG UF pLrcTrOS

SURRCUT Lo rinr v

Tw

Ct'v‘.n
TC

Cuv
Thr

HEL

Mb T

Al

NGUS

GaUSS
TL
TiaSe T

M L

Pk Y o ASF UL HTS (MEV) FOR THE COtILUMY CORKECTION
SwlToHTme e Teardls

LUl vy CORRFCT fors SYIICHING wFIGHTS

FrobroY RASeE PuliilS (FV)Y) rOR THE PhIeRADY CORKECTION FaACTOKS
Pril=iat) CORFLT Lune FACTORS

FNERGT wASE 20T (MEV) FOR THe, SCalety HIGH=FREUENCY
LIMITS

SCAN +1) FMTeH=FREQENCY LIYLTS

wOLT LleF

Flbime K UF Eninel TS OF THE anTERVALS ThTO wrICh THE SPaCh
G Tor AN R VargdbEe i8S DIVINDED (AF TurFEr U, 0 4N 10, 0) ,
Falre LdirwVLl Haos A pRoial. PRUBARILLITY SR IGHT (vr HaVE
nSeEn Labi=ZHut)

rllvpr K UF Fln=HUT1aTS OF TrF INTERVALS 1570 whIcw THFE SPace
Uk A GANSSTA ! VarlARLE wITH unIl VARIANCE 1S DIvIOED
(BETvEFIv albont Ay Bali)e FACH LHNTERVAL HAS A £Oilal FRUK-
abdt T1Y wE Liond  (wr HAVE USED H6GUSZLOT)

ralUSSEale VAR LY VabltieEs FOrk INTERVAL E m=POINTS

L abinialy VARTaLE vabltieS FOR TWTERVAL ri)=POINTS

SET HEALER Lnp T TEY TG PHOTOU=ELECTRNG ANGUL AR DTSTRIRUTTOM
farin aT 10w

fitistr K OF AIGELES AT sHICH TrHe CUMULATIVE alcbLak DISTRI-
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PIL
EEL
CEL
INSET

NPPS

NEFS

BUTTON UF PRHOTO=FLECTRONS IS TABULATED

tuMur K OF PHOTONN ENFRGIFS AT WHICH THE CUMULATIVF ANGULAR
DISTRIBUTION UF PHOTO_ELECTRONS IS TaRULATEN

SET uF FEQUALLY SPaACFD PUINTS BETWEEN O anND 1, NPFL. IN
NUMRER

PHOTON ENFRGIES (MEV) AT WHICH THE ANGULLAR DISTRIBUTION OF
PHOTU_ELECTRONS 1S GIVEN

REDULED ANGLES CORRFSPONDING TO CUMULATIVF PROBARILITIES
PEL .
SET “UMRER INENTIFYING PAIR eLECTRON ENFRGY DISTRIBUTION
TABIWLATION .
NUMHRFR OF ENFRGIFS AT whnICH THE CUMULATIVF ENERGY DISTRI
BUTTON OF PATR FI ECTRONS 1S TABULATENR. DISTRIARUTION
PERTAINS TO THE MEMRER OF THE ELECTRON=POSITRON PAIR WITH
ThE SMALLFR FINERGY

NUMKER OF PHOTON ENFRGIFS AT WHICH THE CUMULATIVE PAIR
PRODUCTION CRUSS SECTION IS TARBULATED

SET GF FQUALLY SPACFD POINTS BETWEEN 0. anND 1, nPPS IN
HWUMKREF K

PHOTUN FNFRGIES (MEV) AT WHICH THF EnERAY DISTRIRUTION OF
PrlIR ELECTRONS IS GIVEN

RuTT0S OF PaTR FLECTRUN ENERGY TO PHOTON ENEKGY

CURRESPONNTING TO CUMULATIVE PROBABILITIFS PFL
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e e linG UF plLOCK alp vukTAKLES FOw pNOhRA”- l);\TApAC 4

CFrinIn pARAYE TrRs awk tiondal LY LEFT ALUNF HyT1 CAN RWE GONIFIFL

Y Citalta NG “ERTTINENT DaTa STAaTFMENTS In THF PROGRANV, THiESF
PAR e TERS unt LTISTr Brouw At THEIw NUuRMAL VALLUFS gRE ENGTCATFD
=Y Trik Le s TR 0,

Blote DATA
Lt x 2ug
Faubipar K UF TEHIWS 16CE HpE S TN LEGENDRF £ XPANSTION OfF
GOUOSIHM T ToSALGLERSUN MULTIPLE SCATTERTING OISTHIKUTION
LIsT 2t
STar 1o POEST OF HACKWARY RECURSION IN Trb EVALLATTON
G Tt aSSOCATE LFGANDRE FUWLCTLIONS SEEED FOR T
CLUrPOTATTINY OF Lo GOUNSHALT=SAUNDERSOUIL SERIFS
LAv 1 SVERAGE CUSLoe OF MULTIPLE SCaTTERING LEFLFCTIOM PER
Al TidTrnVal nOT STORED OfM QUTPUT [ aAPE
i InE LrOVeE SToxF il QUTPUT  TAFE
Wit by R 49 i .
MUNKE K OF  ANGLES AT whlCH THE MULTIPLE SCATTERIfN
alOU AR DTSTRIKIUICLON IS TaRth.ATeED
IHsT iy O L TRFERENT TAL MULTIPLF SCATTERING ANGUILAK
LSITRIBUTLION GFNFRATED
4 CIFFFRENTLIAL aNGULAR ISTRISUTION GFNFRATED anp PUT
o T aRE
) Liv aiaIViun Tu aruVvE, NIFFERENTIAL aNGUL AR
GASTRTOT 10N FOR CUMULATED PATHLFNGTH AILSU FIERATED
LY RPRIMTED

Tt nta Tt ULTTRPLE SCal TFRING DISTRIKUTION EVALUATED) AT MF AN
FiNERGY FORk SNTEP .
) Lt TrLE SCaliFRLG DISTIRUTION EVAlLUATFD ol At

v GY  CORKESHODD LG TO 4 VALUE OF THF LaNDA
PISTRTHUT L0 ARAmETER LaMbsisA = TLA Y
ANiG LAST OF ANMGLFS al wHICH D1STRIRUTION OF MULTIPLF
SCATIERRiG FrLFECTTIONS 1S TartiLaTFD. NMORMAL LIST INCLUNES
THE rOLLOWTING Ard=-LFS ([ HFOHEFS) -
T(L)e o7 {R)00s 35 (M) Nehu(10)1KN0
FTC Jukx(=i4) N .
whiEn THE SChernieo PARAMETER ETa IS SmALLER THas FTCo
FURw, KD RECUPS TG TS USFD TO CALCULATE THF aSSOCTATFD
LebfF obRE FURCTHLu N NEFDED FUk THF EVALUATION OF ThE
GOUNSMI T =aSALGOLFRSUN DISTRIKUTION, IF ETA IS GRFATEw THan
FT1C, naCKwar) REGURSTON IS USED
HC UMP TUXRX (=@ ) iu
eheN TERMS T G SmIT=SAUNNDERSUN! LEBENORFE SFRIFS HaVE
PECO-E SMalLL ki Traidl HCORP e SFRIES IS ASSUMFL TO HaVF
COULMERGED A v FURTHFE R TEFRAWS ARE aonED
ILIN 1 SLREFEING CORRECTTION FROM LIN FHASE=SHIFT CALCULATION
OSEN TN FLASTLIC SCAITERING CROSS SECTION
2l AN CORRFCT Line NOTY USED
TLib vel)
FUR LLANZZy ik Yl UF OF LAl LAMDA THAT DETFr- LNFS
b Y AN STrF ) WHICH THFE «ULTIPLFE SCATTERING ISTT=-
PpUTTun 1S FVatUaTee FOR THE MUST PRUHBARLE ENFRGY LOSS
TLALIZ=) 225

StikrGUT Lk WL

-23 -




COO0OON OO0 CCCOoO0NN0OOC OO CO0CaAnC OO COOOOONOOODNOO0O0

IDENS I DENSITY FFFFCT CORRFCTION INCLUDEN IN STUOPPING POWER
> GENSTITY FFFECT NOT INCLUDED

AEL Net)

BEL lJeO
ThE PrOGRAM GUARANTFES THAT THE ENFERSY LOSS IN A SINGLE
CuLl T TON wiyh atv ApOMIC ELFCyRON CaNNOp FXCEEN ¢HE valyE
pEL+nELe (TNITIAL ENERGY), THE ADDITIONAL REGUIRFMENT IS
IMPOSED THAT THE ENFRGY LOSS IN A SINGLF COLLISION CAN
WEVFWR EXCFED EITHER ONE=HALF THE INITIAL FMNFEHRGY FOR
FLECTRONS OR THE INTTIAL ENFRGY FOR POSITRONS

KMAX 10 N
NUMRFR OF INTEGRATION POINTS IN THE CALCULATION OF THE
PATHLENGTH RG BFTWFEN TWO ADJACENT GrIn POINTS (IN ThE
COUNT INUVIIS<SI UW ]l ino=NOWN APPROXIMATIOMN)

HCUTYT H,0 18
FLECTRON FNERGY RELOW WHICH THE RADIATIVE £iERGY LOSS IS
wOT INCLUNED IN THE COMPUTATION OF THE MEAN FNFRGY LOSS

SUHRUUITINE QUATT
IPRT 1 CUMPLFTE PRTILTOUT OF MULTIPLE SChTTERING H1ATA
> ONLY CUMIILATTIVE MULTIPLF SCATTERING DISTRIRUTION
INCLUNED 1IN PRINT=0UT

SURRCUTIhE SING
wFaC 100
WFAC 1S A Ml TIPILIER FOR THE ELASTIC SCATTERING CRrOSS
SECTiUN

SURKOUTINHE KREM
RMax ol N ]
UMdE R OF K/T RaT10S AT WHICH BREMSSTrRARLUNG TanLe IS
. PREPLRFES -
R NURMLL VAL UES AS GIVEN IN PROGRAM LISTIAG
L1ST OF K/T VALUFS FOR HREMSSTRAHLUNG TARULATIOM, I
ASCFDING ORDER

ALFHA 0e0111 N

LOWFST KT RATIO IN LIST (CUT=OFF VALUE)
NPTS 11

NUMKER OF IRTEGHRATION POINTS USED IN EVALUATION OF PRREM
IreT 1 CAFFFRENTIAL HRFMSSTRAHLUNG CKOSS SFCTIunS PRINTFL OUT

2 IRE AROVE NOT PRINTED OUT

St Wi QT Live MK Al
KMux P8 N
NURMidr R OF KT RaT10S AT wHICH BREMSSTRASLUNG CROSS SFCT O
IS PeLGTFD T

R fiuRmial. VAL UES AS GIVFEN IN PROGRAM LISTI.WG
1 1ST UF K/T waTIaS, InN NESCEFHNOING OR{ER
NETS 21 w

UM EFR OF PUTNTS AT WHICH CUMULATIVE ANGULAR DISTRIRUITION
OF TLIRINSIC RREWMSSTRAHLUNG FMISSION IS CALCULLATFD
NANG 21 W
BUNMMER OF IRTFGRATION POINTS USED 1IN CRISS SeECTI(ny
OF TaTRINSTIC anNGiHILAR DISTRIKUT IV
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RRAFF or SCrIFT Lo UF SOAROBTINFS USEY Tiv PROLKRg s naTalPag 4

HLGLK 1iafA
SUFPLTES DaTa Frarx COmnon STukAGE SHAKED Hy PROGRAMS SCaTT, PREP,
SLisGe vt Ty wian LAFLS

StirgeOty g « AIGE

CALCUE ATFS kAN ENERGY 1 US> UF ELECTRONS (UR POSLTRONS) RY COLLTISTONS
WITH plumT( ELFCIRONS 41 nY HREMSSTRAHLUNGL. CALCULATES MF g RAMGE

IM COtt LD IS=S) UNTRiG=0nan AFPROXTMATTONe sHTRTUSIC HRFUSSTRrab UG
FRE1CIe oCY e aMy OTHFR RFLATHL QUANTITIFS.

SO Tk rLIQT

GENMERATES FLECTHUN FRFKRGY GRID AT «HICH VARIOUS 0UanTITIES OF
DAOEREST Ak COPUIFL, GrID e XTERDS AT LREAST D0xl TO 1 REV,

KESUHI TS #0kk GHRI1: T X 0 GrFaTFR TraN feaX ARE PRIGTFD ~UT 0T FUT O
TarE Ox uSels I8 SURSFOLRIT ChblCU ATIONS 1 DaTaraC 44,

Qi RO sk DENSE

CALCU ATeS Tre LFANSTTY FRFECT CORRFCTIWN It THE STOPPIG POFR
Fordth ay, USES [NPUT PaxabiTrRS AS PROVIDEU BY CaLCULATIUHS OF
STeRNrE b aFr (FOR ODFTAILS, SFr wHITFUP OF PROGRA DATATaFE)

SULKROUE L iiF PREP

RERS unalA INTO MEMORY FrOr sAGHNFTIC TarF #RITTEN KRY FROGRA!H
DATATAYr . FreEPaveS HaTa FOR CATER LISE RY SUBRROUTLINFS SCaTT, SInG,
MOLT Ay Tk LS.

SUnROD | LivE S1iNG

CALCI A irSy FOR AN FEtFCTROI wF GIVEN FRERGY AN RESTGUAL Ruitk,

Trie SCATTERTING raRabE Te~S Sin) MEFOEL TO FvaLbalte TrF GOUDSE L T—
SAURNDFRSOUN MOLTIFPLEF SCATTERI NG DISTRIBUTION, Trr CoLCULATTION 1S HASFU
O THE USF Ol a CRUSS SECTLam FOR FLASTIC SCaTTFRIMG BY ATOLS THAT
COMpIneES Tar wMOTT (ROSS SECTION wlird A CURKRECTUI: FACTOR THAT TaeKeS
IMO ACCOUUGT THr SCREFNTING aoF THF NUCLFAR CHARGE RY aATOmMIC FLECTRONS,
Tht. CONIRTRUTION Or tMNEL ASTIC SCATTERTHG RY qTOMIC FLECTRGHS IS TAKEI
In10 ALLUlINY TrHeUbbH REPLACTING THE FACTOR <cx¥2 I THF CHROSS SECTION
MY J(/7#1)e hewr 2 1S Tk ATUMIC NUMAFR. A FURTRER COKRRECTTON,
APHLTICASLE £ 1 akGR afitl #Se 1S MaDF 1IN SUKROUTIIE INFLS.

CSUEROUITENE MLLT

CALCHH aTrS ThE sULTTIRPLE SCATIFRING ANGULAR DISTRIBVTION FOK FLFCTRONS
OR POSETrOLS THal navy TRAVFLFID A GIVEN PATHLENSGTH, THie Cal.CULATIONM
IS pASEL O YHE EVALUATTUN uF THE sOUDSYI TeSAUNNDERSONM Lt GFHORFE
SERIFSy abil; MAKES USE OF Trk CONTIMIVUSaSLUWING=UOwin APHROXTMATTON,
THe. CUMULATTIVE AanGUL aR PHOeaTH TTY DISTolHUTION 1S CablCULATFDY o wiin
ON OPTLUNe TRE 0 1FFERFUTIAL aNGULAN DISTRAUTION,

SUBKROUTIIF IhiEl S

CURRECTS ThHr Min TIPLF areULar DISTRIRUTION WITH KESPFCT TO THF
CONTHRIGUTTIUN nir TU INFALSTIC SCATTERINMG RY ATOMIC ELECTRONS,

TiHe. Picuurwaid ke Pl ACES THF FACTOR Z2(7+41) <Y Z2(Z+FTa), WHFRE FTazt FOR
ANGLFS Smablt bk Thais o CHT=0FF vALUF, AnG WHFRE FTAa=0 OTHERwWISF. THFE
CUT=0FF aNGlE TS CHOSERN TO At FGUAL TO TrmE MAXT UM DFFLECTTON wHICH
Al FLEOUIHON (OR POSTTROW) COULL HAVE WHEN IT IS SCATTERFRD
TWELASTICALL Y HY A FREE FLFCIROUN e AN IS DETERMINFO WITH THF USF

OF ThF ~OLLER CRUSS SECTION FOR FLFCTRONFLFCTROIN SCaTTirRING OR THF
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HHAKHA CROSS SFCTIUN FUR POSITRON=FLECTRON SCATTERING. FOR FLFCTROWN=
ELECTROM SLATTFwING THE CUT=UOFF DEFLFECTION IS TAREN TO € THAT
COKRESFUNDIhG TO A LOSS OF OhE=HALF THE INITIAL ELFCTRON FENFRGY.,

SUBROLITINE Hp Ew ‘
CALCHH ATES ThE FXPFCTEL NUMKER OF RREMSSTRAHLUNG EVENTS PER UNIT
PATHLFOTH GF oty ELFCTRON AL SO CALCULATES THE CUMULATIVE PROBARILITY
DISTRISUTIUN OF THF RREMSSTRAHLUNG PHOTON ENERGIES (k,T RATIUS)
CALCULATION IS RASEN ON BREMSSTRAHLUNG CROSS SECTIONS I SURROUTINFS
RREX6 AnD XSEC,

SUBROUTINF R kXA

CALCWM_ATES ThE HREMSSTRAHLUNG CROSS SECTION (DIFFERFENTIAL Iiv PHOTON
ENERGY ~uUT I8TFGRATIFG OVER THF EMISSION ANGLE) USIDIIG A COMRINATTON
OF VAR LULUS atual YTICAL FORMULAS AND AN EMPIRICAL CORRFCTION

FACTOR THAT LEPENDS OM THE FLECTRON ENFRGY, THFE ANALYTICAL CROSS
SELTIONS ARF Vari0US VERSIOWS aNi FLARORATIONS OF THE KRETHF-HETTLFR
THEORY, aNi THFIR FVALUATION IS CARRIFD GUT IN SURROUTINE XSFC. TIHF
FMFIRICHL COURRFCTION FACTOR 1S SUPPLLIFND &Y THE TAPF

PREPAKREL, RY FROGRAM DATATARF,

SUBROUTINF xSEC

CALCUL ATFS ThHeE KKEMSSTRAHLUNG CROSS SFCTIONS (NIFFFRENTIAL IN PHOTON
ENERGY UT INTFORATFI OVER FMISSION ANGLE) DFNOTEDR AS Arliy 33Se 3ACS,
AND 3BN(K) IN THE NOMENCLATURE OF THE REVIEW ARTICLF Y KOCH ANMN
MOTZe ALSU CAlI CULATFS THE FLWFRT CORRFCTION FACTOK.

SUBROLIT insF ikt

CALCUL.ATFS CuUMil ATIVF PRORBAILITY QISTRIRUTION FOR THE INTRINSIC
RREMSS TRAHLUNG PHOTON EMISSTUN ANGLE (W1TH RESPECT T0O THE NTRECTION
OF THE ELFCTRUN) . MAKFS USF OF CROSS SECTION CALCHLATIGHNS IN
SURROUTLINFS pBRax1 alD SCREEN, -

SUBROUT InF RKAX]

CALCULATFS HREMSSTRAHLUNG CRUSS SECTION DIFFERENTIAL IN PROTON FNERGY
ANL ANGLF, 1ISING FORMULAS DFSIGNATED AS 2Rn AN 2CS I NOMFRCLATURF
OF KOCH ANi) MOT7.

SURROUTINF SURFEN
CALCULWIFS SCREFINING TERM In RREMSSTRAHLUNG FORMULA 2CS AS GIVFN RY
OLSEN aldy MAXIMON,

SURKMITINF KXRAY

CALCUL ATES THE MEAN RUMRER OF KeJONIZATION EVENTS PER UNILT PATHLENGTH
OF aN FLFCIkUN, ACLORDING TO THE THEORY OF ARTHURS AND WOISFW1TCH,
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APPENDIX B

Listing of DATAPAC 4
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